Purpose: Outcomes validate program performance and patient benefits received from cardiac and pulmonary rehabilitation. However, outcomes have little meaning without test standardization and the ability to benchmark data with other programs. The purpose of this paper is to demonstrate the feasibility for measuring standardized outcomes in a large number of rehabilitation programs.
Introduction
For years, obvious clinical improvement recognized by both the patient and the clinician has not been documented in the medical field. Positive responses to "How do you feel?" have been sufficient to identify successful treatment. Many clinicians feel documentation of patient improvement is not necessary. While it is relatively easy to convince oneself of this patient improvement, it is another matter to convince someone else of the same improvement without the availability of quantitative data. For example, consider, the qualitative comment that a patient has "improved physical function," versus quantitative data that "physical function increased 10
METs." While both versions convey valuable clinical information, only the quantitative data allows all rehabilitation clinicians to recognize patient improvement. Quantitative data allows the comparison of different rehabilitation patients and programs. This same quantitative approach allows the comparison from one point in time to another for the same patient or rehabilitation program. Quantitative data also provides the means for program performance review and analysis by other stakeholders, including other healthcare providers and third party payers. 1 As managed care continues to grow, cardiac and pulmonary rehabilitation programs will be asked to "prove" their worth. Outcomes are the tools to "prove" or validate program performance and the benefits patients receive from program participation. In addition, outcome measurement and reporting demonstrates accountability for the quality of patient care. Across the nation, some programs are collecting outcome data in an effort to demonstrate and report program effectiveness. However, this data has little meaning without test standardization and the ability to benchmark data with other programs.
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Feasibility of a Multi-State Outcomes Program for Cardiopulmonary Rehabilitation 6 To meet this standardization and benchmarking challenge the Indiana Society of Cardiovascular and Pulmonary Rehabilitation (ISCVPR) initiated a comprehensive and ongoing outcomes program. The ISCVPR Outcomes Program provides cardiac and pulmonary rehabilitation programs with the tools to measure outcomes and the opportunity to benchmark program performance with other programs. 4 The outcomes, which will be measured over five years, include many parameters that fall into the clinical, behavioral, health and economic outcome domains. The outcomes program began in June of 1997 and has rapidly grown to include programs throughout the United States. This paper examines the feasibility of standardized outcome measurement, analysis and reporting among a large number of rehabilitation programs.
For the purpose of benchmarking, pre and post rehabilitation outcome data collected over the first year is presented. Specifically, data from the SF-36™ Health Survey (SF-36™), patient knowledge tests, and Six-minute Distance Walk (6MDW) are reported.
Pilot Study
In December of 1995 the Northeast Network of the ISCVPR began selecting tools and developing guidelines for the collection of outcomes in cardiac and pulmonary rehabilitation.
The primary goal at that time was to demonstrate for the Indiana Medicare Intermediary that 36 rehabilitation sessions provided greater benefit to the patient than the 12 sessions they reimbursed for cardiac rehabilitation.
Tools for the pilot study were selected based on the following recommendations from the American Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR) Outcomes Committee: 5 • Outcome measurements should be integrated into routine clinical practice.
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• The test should be at low or no cost to the patient.
• The tools selected should provide relevant and meaningful results.
• The testing protocols should be easy to administer and directions should be understandable to the patient and clinician.
• The tools should produce the same result when administered to the same patient or when administered by different clinicians.
• The tools should be valid measures of the desired characteristic.
• The tools should be sensitive enough to measure the changes resulting from programs of intervention.
In addition to the AACVPR selection guidelines, the SF-36 Health Survey was selected because it is widely used and recognized among healthcare payers. While treadmill stress testing is the gold standard, 10 the six-minute distance walk provided a low cost and easily administered alternative test of physical function. In addition to measuring quality of life and physical function, it was felt that patient knowledge tests provided a means to examine the effects of patient education. Additional outcome measures were included through patient self-reporting, review of medical records, or additional laboratory testing.
By July of 1996, the six-month pilot study was initiated to test the practical application of these outcome tools and refine program guidelines. The pilot study was funded in part by an affiliate grant from the AACVPR. Following the pilot study, appropriate changes were made to the program guidelines and an implementation plan was formulated to facilitate the initiation of a statewide outcomes project. As recommended by the Indiana Outcomes Committee, the ISCVPR Board of Directors endorsed these tools for use in a statewide program measuring outcomes in cardiac and pulmonary rehabilitation. 
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Health Survey
The SF-36™ Health Survey 6 was administered before any interaction between the patient and the rehabilitation provider. The patient's health, health history, or emotions were not discussed with them before they filled out the survey and only the rehabilitation patient was permitted to answer the survey. The patient did not receive help from their spouses or family members. A translator was used if the patient did not speak English. If the patient was unable to read, the survey was given using the interviewer-administered script. It was explained to the patient that this survey was given to help gain a better understanding about his or her general health. Patients were reminded that this was not a test and there were no right or wrong answers. The patients chose the answer that best represented the way they felt. If the patient did not understand a particular item, the question was read to them verbatim, but not rephrased. When the patient returned the survey, it was carefully checked to see that it was complete. If it was not, the patient was encouraged to answer the remaining questions. The SF-36™ was scored using a algorithm provided by the Outcome Data Management System software package from Orion Software Development. 5 This scoring algorithm was licensed from the Medical Outcomes Trust.
Patient Knowledge Test
The Pulmonary Rehabilitation Health Knowledge Test 7 and Cardiac Rehabilitation Knowledge Test 3 were administered after the completion of the SF-36™. Like the health survey, only the patient was permitted to complete the knowledge test. It was explained to the patient that the test was voluntary, but that it provided helpful information regarding the quality of the education provided by the rehabilitation program. The same standards for test administration were used as for the SF-36™. When the patient returned the knowledge test, it was carefully checked to see
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that the test had been completed. If it was not, the patient was encouraged to answer the remaining questions. The test was scored using an answer key. Unanswered questions were counted as wrong. The number of correct answers was recorded.
Six -minute Distance Walk
The Six-minute Distance Walk 4 (6MDW) was administered prior to or at the beginning of the first exercise session of the rehabilitation program and at the last exercise session of the program.
Walks took place at about the same time of day, at least two hours following a meal and were the first activity of the exercise session. The test was administered in a suitable walking area like a quiet indoor hallway that was at least 100 feet in length. Patients with musculoskeletal problems that preclude walking such as intermittent claudication, paralysis, and pain were excluded from the test.
Prior to the walk, the patient's height and weight were measured and each patient rested in a sitting position for five minutes. After this rest period, blood pressure and heart rate were measured for all patients. Pulmonary patients also had oxygen saturation (SaO 2 ) measured. The patients were given specific instructions on how to perform the 6MDW. During the walk, specific words of encouragement were provided at 30-second intervals. The monitor walked behind the patient so as not to influence the patient's pace. Patients were told when 2, 4, and 6 minutes (stop) had elapsed. Pulmonary patients had SaO 2 monitored continuously during the test.
If SaO 2 fell below 80%, the test was discontinued. The lowest SaO 2 observed during the test was recorded.
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Immediately following completion of the walking test, the patients sat down and were evaluated for peak exercise data. This data included heart rate, blood pressure, Rating of Perceived Exertion (RPE) and total distance walked in feet for cardiac patients. Heart rate, blood pressure, SaO 2 , Rating of Perceived Dyspnea (RPD) and total distance walked in feet were measured for pulmonary patients. RPE and RPD evaluated maximal effort by the patient. After the patient had rested for exactly five minutes, recovery heart rate, blood pressure and SaO 2 (pulmonary patients only) were measured.
Lipid Profiles
Lipid profiles, including Total Cholesterol, Low Density Lipoproteins (LDL), High Density
Lipoproteins (HDL) and Triglycerides were collected in some cardiac programs. If these laboratory tests had been performed within six months prior to the start of the rehabilitation program they were included in the pre program data. Some programs provided these laboratory tests at entry into the program. At the completion of the rehabilitation program these laboratory tests were repeated and recorded.
Data Collection
Patient data was transferred to the state database through one of two ways. The majority of programs used the clinic edition of the Outcome Data Management System software package from Orion Software Development. 5 The challenges of collecting and analyzing data during the pilot study lead to the development of the Outcomes Data Management System™. This software application allowed clinics to enter and analyze outcome data on-site and to export to the state database via floppy disk or the Internet. Some programs submitted data in hardcopy format and
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this data was entered by hand into the state database. All data was screened via computer macro to meet pre-determined value ranges. Obvious data errors were omitted from the database on a field by field basis. Values lying outside the data range were subject to confirmation from the collecting rehabilitation program.
Results
The pre and post rehabilitation data presented were collected between July of 1997 and
September of 1998 and are not inclusive of all the outcomes measured as a part of the ISCVPR Outcomes Program. Additional outcomes measured include: smoking and smoking cessation, diet compliance, prescribed medications and medication compliance, exercise program adherence, medical system utilization, and patient satisfaction. While their inclusion is important the magnitude of this study warrants their reporting under separate title.
Statistical Analysis
Comparison was a fundamental issue in the design of this study. Commonly, this type of study design is thought to have independent samples but that is not the case. If the samples are taken from different populations, and if there are not connections between the elements of one sample and those of the other, the independence assumption should be valid. But if the two measurements are taken on the same sample at different times or if there is any connection between elements of the samples, the two-sample t test, for example, is not appropriate.
Therefore, any time you have any matching up or pairing of entities in two samples, as in "before" and "after" measurements on the same individuals, other methods of analysis must be used.
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This study employs methods known as paired-sample analysis. The advantage of pairing observations is the control of variability that would otherwise obscure a real difference in means. In this paired-sample analysis, one can calculate the difference in an outcome measure between the two evaluations for the same patient, individual variability in observation cancels out the difference. Therefore, the individual-variability factor does not cause random variability in the paired-sample experiment.
Paired-sample methods involve calculating all differences of matched scores and then applying single-sample methods to the resulting sample of differences. The choice of the appropriate paired-sample test was determined by the distribution of the data. If the distribution of differences is roughly normal, the t test statistic should be used. If the distribution of difference is symmetric, the signed-rank test may be more powerful. All significance data presented in this document followed the t test statistic, although both methods provided similar conclusions.
Health Survey
The eight health concepts within the SF-36™ showed significant (p<.05) increases for both cardiac and pulmonary rehabilitation. The number of subjects, average change in scores form pre-program to post-program, standard deviation and level of confidence associated with each health concept are provided in Table 2 . The average change in health concept scores from pre- pulmonary knowledge test by 6 questions. (Table 3 )
Six-minute Distance Walk
Resting data was taken after a five-minute rest period and prior to the administration of the sixminute walk. Table 4 provides resting data for cardiac and pulmonary programs. Resting data measured for cardiac patients included weight, heart rate and blood pressure. Heart rate and diastolic blood pressure demonstrated significant (p<.05) changes from pre-program to postprogram testing. Body weight remained unchanged for cardiac rehabilitation. Resting heart rate decreased 1 beat per minute while mean diastolic blood pressure decreased 2 mm Hg. Body weight, resting heart rate, blood pressure, RPD, SaO 2 and oxygen flow rate were examined as resting data for pulmonary patients. Systolic and diastolic blood pressure demonstrated significant (p<.05) changes from pre-program to post-program testing. Average systolic blood pressure decreased 2 mm Hg and diastolic blood pressure decreased 4 mm Hg from pre to post rehabilitation. Body weight remained unchanged for pulmonary rehabilitation.
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Heart rate, blood pressure, and RPE were measured as peak data for cardiac patients while heart rate, blood pressure, oxygen saturation and RPD were measured as peak data for pulmonary patients. Distance walked during the six-minute testing period was measured in feet. Peak data was taken immediately upon completion of the six-minute. Table 4 also provides peak data for cardiac and pulmonary rehabilitation. Both cardiac and pulmonary rehabilitation demonstrated a significant (p<.05) increase in distance walked. Cardiac rehabilitation increased distance walked 319 feet while pulmonary rehabilitation increased distance walked 189 feet. Cardiac patients also experienced significant (p<.05) increases in heart rate (3 bpm) and systolic blood pressure (3 mm Hg). The changes for diastolic blood pressure and RPE were statistically inconclusive. Peak systolic blood pressure (-3 mm Hg), diastolic blood pressure (-4 mm Hg), and RPD (-0.3 points)
decreased from pre-program to post-program testing for pulmonary patients while peak heart rate and SaO 2 were statistically inconclusive. Table 5 contains lipid profile data for cardiac rehabilitation. Total Cholesterol, Low Density Lipoproteins, and Triglycerides showed significant (p<.05) decrease from pre to post cardiac rehabilitation testing. The decrease in High Density Lipoproteins was statistically inconclusive.
Lipids
Discussion
The present study indicates that cardiac and pulmonary rehabilitation outcomes can be measured through the SF-36™ Health Survey, patient knowledge tests and the Six Minute Distance Walk.
The data presented represents mean patient outcomes associated with rehabilitation program participation. No effort has been made in this article to support or conclude that patient been tested as a reliable outcome tool. 7 Similar testing has not been completed on the ISCVPR Cardiac Rehabilitation Knowledge Test. While both tests showed increases in patient knowledge it is unclear how much improvement should be expected from education during rehabilitation.
Further investigation regarding education and behavior modification in cardiac and pulmonary rehabilitation is warranted.
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Exercise is the major component of both cardiac and pulmonary rehabilitation. It seems reasonable to assume that physical function and other resting and recovery measures would improve with prescribed exercise. Some improvements were demonstrated through the 6MDW.
The individual exercise prescription followed by each program is unclear. Frequency of exercise has been examined through many research studies. As a result of this research, the ACSM has 
Conclusion
Collecting and analyzing information on the benefits patients' experience from participating in cardiac and pulmonary rehabilitation is invaluable in many ways. Outcome data can be used to: 
